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Fig.1 (a): A sample intensity image of the sunspot in Ca II H line. (b): The sunspot image after
adopting the subtraction image processing technique. The white crosses lettered A—D mark the positions
of the sample points within the umbra. (c): Take a time slice in the white dotted line of panel (b). The

black line is the boundary of the umbra-penumbra. An evident wave phenomenon has been seen in the

umbra internal.
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Fig.2 (a)—(d): Time profiles of the Ca II H intensity variation at sample points A—D, respectively.
(e)—(h): Period of the corresponding sample points derived from the analysis of JK method
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Fig.3 Ca II H intensity profile at the sample point D in Fig.1 and the corresponding averages
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Fig.4 The distributions of I;_, (black) and I,_, (white) when the average value of sample points is

considered as the background radiation
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Fig.5 When the mean value of the valley is used as background radiation, the I;_; distribution can be

fitted as a normal distribution.

Iy i(, y) 3 ARG s, BATARBLE 170 A7 B i 125 7041 28

g (Fom )y g2 gy A
f<[pt)27ra(,u—a)e}(p{_ 202)\2 ( U=« ) ’

Afen By pn A So Al G 3 B e 1) R 8 BB T, B A, AT B & S
Hlo = —-0.1, B =2081.1343, o = 0.62043, p = 17.005, A = 0.333577.

140
120 [ .
100 | AT ]

80 a N 1

count number

60 [
a0

20F

0 L. . | . . . . . !
0 50 100 150 200

Al
K6 HAERTEERE NS SRS AT, 2010, W LS — M IEZS 4317 .

Fig.6 When the mean value of the valley is used as background radiation, the I,_; distribution can be

modeled as a partial normal distribution.
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Statistical Characteristics of Umbra Oscillation of
Sunspots in Ca Band

HE Xiao-hui’?  LIANG Sha-sha!? DUAN Ya-dan’? LIANG Zhou-yu'?
LIANG Hong-fei'+?

(1 School of Physics and Electronic Information Technology, Yunnan Normal University,
Kunming 650500)
(2 Key Laboratory of High Energy Astrophysics of University of Yunnan Province, Kunming 650500)

AsstracT Hinode telescope observed a series of successive sunspot evolution images
on March 4, 2014 under the Ca IT H (396.85 nm) line. The calculated oscillation period
of sample point is 149.75 s by using the Jurkevich method (JK method). A suitable
average of the intensity profile is selected as the steady background radiation, then the
distribution of the extreme value of the oscillation in umbra is analyzed by statistical
method. The results show that the trough is a normal distribution, and the peak is a
skewed normal distribution. The distribution of this extreme value indicates that the
3-min oscillation of the umbra may be caused by the propagation of a traveling wave
with a period of about 5 min in the umbra. The variation of the light intensity caused
by the traveling wave may be proportional to the square of the displacement of the
traveling wave, resulting in a 3-min period of the light intensity which is half of the
period of traveling wave.

Key words Sun: oscillations, Sun: sunspots, methods: statistical
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